To determine and compare the major causes of childhood blindness and severe visual impairment in Bhutan and Laos.
T he purposes of this study were to determine the major causes of blindness (BL) and severe visual impairment (SVI) in children and adolescents attending schools for the blind and to identify preventable and treatable causes within 2 Asian nations, Bhutan and Laos. Identical cross-sectional observational studies were undertaken in each nation. This study adds to several others undertaken by our organization, Sight For All Foundation, which aims to provide epidemiological data relating to the burden of eye disease from poor and very poor countries in Asia. 1, 2 The estimated global prevalence of childhood blindness is approximately 1.4 million, 1 million of whom live in Asia and 300,000 in Africa. 3 Although childhood blindness makes up a small proportion (approximately 4%) of the world's blind population, it is considered an important area to address for a number of reasons: many causes of blindness in these children are avoidable either through prevention or early treatment; the conditions causing childhood blindness are often multisystemic and carry with them significant morbidities [4] [5] [6] ; and the public health burden of childhood blindness is considerably greater than blindness acquired later in life. 6 Reliable population-based data on the causes of blindness in children are difficult to obtain as such surveys require very large samples, making them labor intensive and costly. Studies designed around examining children in schools for the blind are advantageous in that they allow a relatively large number of children to be examined during a short period by only a few observers using standardized methods. 7 In this study, the participants were from various institutions designed specifically to assist both blind and significantly visually impaired children in Bhutan and Laos.
Bhutan is a Himalayan country with an estimated population of 761,800 as of 2014, with 53% being male. Bhutan has a comparatively older population profile for the region, with 29% aged 0 to 14 years and nearly 6% older than age 65. 8 Bhutan's economy is one of the world's smallest and least developed, with an estimated 23.2% of the population falling under the international poverty line in 2008. 9 Currently, Bhutan has 7 practicing ophthalmologists-an estimated 1 ophthalmologist per 108,000 people. The majority of ophthalmologists work within the National Referral Hospital in the country's capital, Thimphu.
The Lao People's Democratic Republic (Laos) is a lowincome country in Southeast Asia with approximately one third of its people living below the international poverty line. 10 It had an estimated population of 6,587,280 in 2014, with a near even male-to-female distribution. 11 Laos has a young population, with 39% aged 0 to 14 years and only 4% older than age 65. 11 In Laos, 1 large prospective, cross-sectional survey investigated the prevalence of refractive error and visual impairment in children attending regular primary schools. 12 No study has yet been published looking exclusively at children attending schools for the blind. To our knowledge, there has been no previous study of this kind performed in Bhutan.
MATERIALS AND METHODS
The methods used for this study are identical to similar blindness studies undertaken by the Sight For All Foundation in Southeast Asia. 1, 2 The Bhutanese component was conducted at the National Institute for Vision Impairment, the only dedicated school for the blind and visually impaired in Bhutan. It provides education and care to children from all parts of Bhutan, with the majority of children boarding at the school. The Bhutanese government and health department fund the school.
The eligibility criteria for the school are as follows: children between ages 6 and 18, visual impairment of any form with bestcorrected visual acuity (VA) less than 6/36 in the better eye, and an absence of any major physical and intellectual disability.
The Laotian component was conducted at the National Ophthalmology Centre and the Vientiane School for the Blind in Vientiane, Laos. This school provides care for children from all regions of Laos and has similar eligibility criteria.
Inclusion Criteria
All children attending the schools in both Bhutan and Laos younger than age 16 were invited to participate in this study. Only children with visual impairment or blindness, as per World Health Organization (WHO) definitions, were eligible for inclusion.
Data Collection
Information was collected in accordance with the WHO Prevention of Blindness Eye Examination Record for children. 13 Data were collected from all available sources for completeness, including children, staff members at the school, relatives, and medical records. The data collected included basic patient demographics, history of onset of visual loss, and family history, including documentation of consanguinity. Additional information regarding other disabilities such as hearing loss, mental retardation, and physical handicaps was documented.
The teams, consisting of local and Australian optometrists and ophthalmologists, performed detailed eye examinations. A comprehensive explanation of the methodology is reported elsewhere. 1, 2 In brief, the examinations included assessment of both near and distance VA (near reading chart and Snellen chart at 6 m, respectively), assessment of anterior and posterior segments with a table-mounted slit lamp biomicroscope, and dilated direct or indirect fundus ophthalmoscopy. Pathology was categorized both anatomically and etiologically.
The children whose VA was recorded as better than no perception of light underwent refractive testing and low-vision assessment.
An assessment of reversible or treatable blindness was made, plans to improve the child's prospects were arranged, and the likely visual prognosis was recorded. Finally, the ophthalmologist made an overall assessment of the full anatomical and etiological diagnosis, including the primary site of visual loss.
Definitions
Visual loss was classified according to the WHO categories of BL/SVI. 9 Blindness is defined as presenting VA of less than 3/60 in the better eye, SVI as VA of less than 6/60 to 3/60 in the better eye, and visual impairment as VA of less than 6/18 to 6/60 in the better eye.
Consent and Ethics Approval
Participation in the survey required consent from a parent, guardian, or other authorized person. Permission to visit schools was granted by the respective ministries of health in Bhutan and Laos. Approval was also obtained from the Research Committees at the National Referral Hospital, Thimphu, Bhutan (Protocol Number: PO/2012/016, Chairperson Dr Phurb Dorji) and the Research and Ethics Committee at the Royal Adelaide Hospital, Adelaide, Australia (Protocol Numbers: 130521, 120816, Chairperson Dr A. Thornton). The study adhered to the guidelines of the Declaration of Helsinki.
RESULTS
For ease of interpretation, the results for each defined section of the WHO Prevention of Blindness Eye Examination Record are reported first for Bhutan and then for Laos. The tables consist of combined data from these 2 studies.
In Bhutan, a total of 31 children aged 6 to 16 years were enrolled in the school. All 31 children were invited and participated in the survey. After detailed examinations, 1 child had a VA of greater than 6/18 in the better eye and therefore was excluded from the survey. In the remaining 30 children, there were 9 males and 21 females. The median age was 12 years (range, 8-15 years). Children recruited were of various ethnicities ( Table 1) .
The proportions of the degrees of blindness based on WHO classifications are presented in Table 2 . Within the visually impaired group with VA between 6/18 and 6/60 in the better eye, there were 2 cases of severe myopia with amblyopia, 2 cases of autosomal recessive retinitis pigmentosa, 2 cases of oculocutaneous albinism, 3 cases of congenital cataract with 1 case associated with familial exudative vitreoretinopathy, and 1 observed case of macular dystrophy of unknown etiology.
A further analysis was undertaken among the 20 children with BL/SVI. There were 5 males and 15 females. A family history of eye disease was present in 40% of these children, involving mainly first-degree relatives, with senile cataract (50%) being the most common. A history of consanguinity was present in 4 children (20%) and unknown in 9 children (45%). Fifteen percent of the cases had associated minor physical or mental disabilities. The majority of children had onset of visual loss at a very early age, with 45% present since birth (congenital blindness) and 25% infantile (within the first year of life). Of the 5 children (25%) who had undergone surgery, 3 had cataract surgery in both eyes, 1 had cataract surgery in 1 eye, and 1 had bilateral trabeculectomy. All children who underwent cataract surgery had an intraocular lens implanted.
In Laos, a total of 23 children were enrolled in the study, with a near-even proportion of males and females (11 and 12, respectively). More than half of the children assessed were from the Home of The Blind (52.1%). The median age was 12 years (range, 8-15 years).
Congenital blindness was the most common diagnosis (43.5%) in Laos, followed by infantile blindness at 30.4%. There were no children with a definite family history of consanguinity, but in 47.8% of the cases, it was unknown.
With respect to WHO classifications of BL/SVI, 20 children (87.1%) were categorized as blind, and a total of 91.4% were BL/SVI ( Table 2 ). The child with visual impairment (VA between 6/18 and 6/60 in the better eye) was a 13-year-old boy with undiagnosed amblyogenic hypermetropia who achieved a VA of 6/36 in the better eye with +7.75 diopters of spherical correction. One child with no visual impairment (as per WHO guidelines) was a 10-year-old boy with profound corneal staphyloma and scarring of his left eye believed to be secondary to harmful traditional practices. He had a normal right eye. The child with SVI (VA < 6/60-3/60) suffered from obesity, polydactyly, and bilateral retinal dystrophy, clinically consistent with autosomal recessive Bardet-Biedl syndrome.
Of the 3 children who had undergone previous surgery, all had had cataract surgery. Two of these were bilaterally pseudophakic, and 1 patient had undergone unilateral cataract extraction with intraocular lens implantation.
Anatomical Classification of Visual Loss
In Bhutan, the major anatomical sites of abnormality were the lens (25%), whole globe (20%), and retina (15%). Cataract was the only subtype of lens abnormality documented and was also the single most common cause of BL/SVI in this study. All 5 cases were congenital, and 1 child had unoperated cataract. The other 4 who underwent cataract surgery remained BL/SVI due to posterior capsular opacification (PCO) and amblyopia.
The major anatomical sites of abnormality in the Laos study were the whole globe (30.4%), cornea (30.4%), and retina (17.4%), followed equally by refractive errors and the lens system. A further breakdown of abnormalities by anatomical region is presented in Table 3 . The most common abnormalities were those affecting the whole globe, which included 8 of the 23 children. Two of these were phthisical eyes believed to be secondary to measles. Also documented were 2 cases of cryptophthalmos and 1 of anophthalmos. All 3 disorganized eyes had anterior segment dysgenesis, one of which had Peters anomaly.
One child who had an essentially normal ocular examination result was believed to have Leber congenital amaurosis. Two others with apparently normal examination results initially went on to have refractive errors diagnosed, and 1 was amblyopic. There were 7 children experiencing corneal pathology. Of these, 3 (13.1%) had corneal staphyloma of varying etiology. One case was due to suspected measles, 1 due to harmful traditional practices, and the third had diffuse corneal scarring with vascularization, central ectasia, and large staphyloma of unclear cause. 
Etiological Classification of Visual Loss
Hereditary factors were the main cause of BL/SVI in the Bhutanese cohort, accounting for 65% of all observed cases. The majority of hereditary diseases (11 of 13 cases) were autosomal recessive or suspected autosomal recessive. Consanguinity was documented in 3 of 11 cases in which an autosomal recessive pedigree was postulated. In the remaining 7 cases of autosomal recessive disease, history of consanguinity was unknown. Table 4 describes the etiological classifications of blindness for both cohorts.
The underlying etiology could not be determined in 6 (30%) of the cases. Of these, 3 (15%) were present since birth. In the remainder, 1 child developed bilateral maculopathy at age 4 and another developed bilateral optic atrophy at age 6. In this group, family history or genetic abnormality could not be established.
There was a single case (5%) attributed to a perinatal/neonatal factor, possibly cerebral hypoxic injury.
Similarly, hereditary factors were the predominant cause of BL/SVI in the Laotian cohort, accounting for 39% of the children observed. The majority of hereditary diseases (7 of 9) were due to either definite or suspected autosomal recessive conditions. Of these 7 cases, 4 had no history of consanguinity in the family and it was uncertain in the remaining 3. The 2 other cases of hereditary disease both had cryptophthalmos, attributed to chromosomal abnormalities.
Pathology originating in the early years contributed to 34.8% of the cases (8 of 23). Measles was either definite or highly suspected in 7 of these 8 cases, with the eighth case due to suspected harmful traditional practices.
The etiological classification of BL/SVI was undetermined in 5 (21.7%) of the 23 children. One of these children had a cataract, the cause of which was unknown.
There was a single case attributed to an intrauterine factor, with widespread chorioretinal scarring likely secondary to toxoplasmosis. No perinatal/neonatal factors were found to be a major etiological cause of blindness in this survey.
Avoidable Causes of Blindness
On further analyses of the Bhutanese students, 10 pathologies implicated in the cases of BL/SVI were potentially avoidable: 24.1% had treatable causes, with lens abnormality (specifically cataract) being the commonest (17.2%), and 10.3% were preventable, with 2 cases of amblyopia and 1 case of cortical blindness (Table 5) .
There was a significant proportion of unavoidable causes such as congenital eye abnormalities and retinal dystrophies, as described in Table 5 . Where there was more than 1 major pathology represented, it has been included in this table.
For the students in Laos, there were a total of 18 avoidable pathologies contributing to BL/SVI, with measles being the largest cause (20.7%) ( Table 5 ). As stated previously, there was 1 case of suspected toxoplasmosis, which was potentially avoidable. Treatable causes consisted predominantly of refractive error (17.2%). One child presented as pseudophakic with significant development of PCO. This child has since been referred for further treatment.
Action Needed in Children
In Bhutan, VA could be improved by refraction in 4 children (20%) with the use of spectacles and low-vision aids. Two children (10%) required spectacles only.
In Laos, 12 children (41.5%) had refraction performed during assessment, and 4 (17.4%) of them were also assessed with low-vision aids. Six children were considered to benefit from spectacle correction, and 1 received a low-vision aid. Eighteen children (78.3%) were not deemed to require any further medical or surgical interventions. As with the Bhutanese children, those needing treatment were referred to local ophthalmologists.
DISCUSSION
The ability to obtain reliable information on the causes of blindness and visual impairment in children is hampered significantly in areas of the world where there is no system of blindness registration. 14 Although studies of schools for the blind allow children to be examined in a short period by relatively few examiners, they are limited by inherent bias and an inability to calculate cause-specific prevalence data. 7 Not all blind children attend specialized schools; those with additional mental or physical disabilities or indeed those from poor rural communities are likely underrepresented in these surveys. 6 Very young children (preschool age) are also not represented, and thus, the effects of reducing early childhood infective causes of blindness (such as measles) may not be strongly represented in the data from particular areas.
Studies have previously compared the causes of blindness and visual impairment in children from the community with children from the same geographical location who were attending schools for the blind. 15, 16 These studies found similar causes overall, with a few exceptions predominantly related to diseases affecting the central nervous system along with the eye, which were underrepresented in children attending specific schools for the blind. The Bhutanese study identified 20 children aged 6 to 16 years with BL/SVI. We suspect that because of the small study numbers from a relatively small Bhutanese population (761,800 in 2014), the female-to-male sex ratio was markedly exaggerated at 75% to 25%, respectively. Schooling is provided free of charge, and as such, the sex bias in education toward males that is commonly observed in other neighboring countries may not be a factor. [17] [18] [19] Lens pathology due to cataract was the most common single site of abnormality (25%). Similar rates of lens-related disease resulting in childhood blindness have been reported in At the last census in 2005, Laos had a population of approximately 5.62 million people, of whom 2.2 million were children younger than age 14. 26 There is no formal blindness registration for children in Laos. As discussed, this makes accurate assessment of blindness prevalence difficult. However, the estimated number of blind children may be as many as 3300 (1.5/1000). The study presented here comprises only 23 children attending special schools and institutions for the blind in Laos, all younger than age 16. This represents less than 1% of the potential number of blind children in Laos. It is thus difficult to make any definite inferences from the data presented. However, the general makeup of the pathologies in these children does differ somewhat from studies in nearby countries. Of the children in our study, 91.4% were BL/SVI, with disorders of globe architecture featuring as a major site of abnormality (30.4%). This comprises congenital/developmental eye abnormalities along with phthisical globes secondary to infection. A similar proportion of globe abnormalities was seen in Sri Lanka 14 (35.8%), but this is higher than has been seen in many other developing countries such as Cambodia 2 (17.7%), Nigeria 27 (17.4%), Bangladesh 23 (13.1%), and Uzbekistan 28 (15.4%).
The second largest contributor to BL/SVI recorded in the Laos study was pathology of the cornea (30.4%). This comprised both corneal scarring and staphyloma, of which all cases were either definitely or suspected to be due to measles infection. This contributed to 6 of 8 documented cases attributed to "childhood factors," which itself was the second commonest cause of BL/SVI (34.8%). This is a similar rate and constitution of childhood factors to those reported in Myanmar 1 (33.2%), Bangladesh 23 (30.7%), and Indonesia 24 (28.5%), which is lower than that in rural Philippines 25 (57.1%-61.3%) but higher than that reported in Sri Lanka 14 (5.3%). It is also a higher rate than that in the Bhutanese study, which reports only 1 case of BL/SVI attributable to corneal scarring. Furthermore, this was not believed to be due to a "childhood factor."
The causes of childhood blindness differ markedly between regions. This may relate to socioeconomic factors, geographic localization, endemic or heritable disease, and rates of consanguinity. In very low-income regions, corneal scarring secondary to vitamin A deficiency, measles keratitis, or ophthalmia neonatorum are the main causes of childhood blindness. 6 In some countries, cataract is now assuming greater importance as the economies are improving. 29 Although the rates of corneal scarring are considerably higher in the data collected in Laos, both studies show a reduction in what has historically been a major contributor to newly diagnosed cases of childhood blindness. Some estimates from more than 20 years ago within Asia reported that 70% of new cases of childhood blindness were related to vitamin A deficiency and xerophthalmia. 30 There may be several reasons for the low rate of corneal scarring seen among blind children in Bhutan. It is likely that, first, these relatively low rates relate to a reduced prevalence of measles. Universal immunization with the measles, mumps, and rubella vaccine was adopted in 1991. A WHO report of vaccinepreventable diseases showed that the rate of measles has declined significantly during the past 2 decades in Bhutan. From 1991 to 2001, the average number of reported cases of measles per year was 1201; in contrast, from 2002 to 2011, the average rate of cases per year was 10. 31 Second, it is possible that the relatively low prevalence of corneal scarring in Bhutan may relate to a low rate of vitamin A deficiency and a low level of malnutrition within Bhutan, despite the absence of a coordinated program of vitamin A supplementation. In a population-based survey of 975 children aged between 1 and 5 years, the prevalence of clinical vitamin A deficiency (as defined by the presence of Bitot spots, corneal scarring, or night blindness) was approaching 0%; serological evidence of subclinical vitamin A deficiency (serum retinol < 0.35 mm/L) was found in 2.6% of the sample population. 32 Third, it is possible that underreporting of vitamin A-or measles-related blindness occurs because of biases in the study methods. Children with measles-related fatalities in the first year of life would, for example, not be recorded.
The higher rates of corneal scarring due to measles in Laos could be attributed in part to a failure in the areas of improvement identified earlier. According to WHO/UNICEF estimates, the rates of coverage with the measles-containing vaccine increased steadily from the early 1980s to reach a plateau of approximately 70% coverage from 1994 to 1999. Then, the coverage dropped to rates less than 55% until the year 2008, after which, as of estimates from 2012, it is back to approximately 70%. 33 Hereditary disease-subtyped as chromosomal (both autosomal dominant and recessive), X-linked, and unspecified-was the most common etiology in both the Bhutanese and Laotian subjects. It accounted for 65% and 39% of BL/SVI, respectively. This includes congenital cataract, anterior chamber dysgeneses, and retinal dystrophy. The rate of hereditary disease in Laos is similar to other reports from surrounding nations including Cambodia 2 (45.2%), Indonesia 24 (41.5%), Sri Lanka 14 (35%), India 7,17,18 (up to 34.8%), and China 19 (30.7%). Public health approaches aimed at the prevention of congenital and hereditary disease are limited to health education regarding the limitation of exposure to known risk factors during pregnancy, rubella immunization of the community, and education on the effects of consanguinity on fetal development.
The high proportion of hereditary disease in Bhutan is unexpected but may be attributable to other unexpected findings in this survey, that is, the low rate of corneal scarring. A relative increase in the percentage of hereditary disease would be expected within a community with a low rate of disease secondary to intrauterine factors such as rubella or postnatal factors such as measles or vitamin A deficiency. This survey is not capable of determining whether there is an overall increase in the prevalence of hereditary disease in Bhutan, and there is no reliable information from Bhutan regarding factors that might predispose to autosomal recessive disease such as genetic isolation, genetic founder effects, or the rate of consanguinity within the general population. It is noteworthy, however, that 20% of the study population that were BL/SVI were children of consanguineous unions, compared with none from the Laos data.
In both studies, no child was blind from retinopathy of prematurity (ROP), which is a significant and potentially avoidable disease in many middle-income countries. 21, 34 This may be due to children with ROP often having multiple other medial comorbidities and subsequent nonattendance at schools for the blind. Another explanation is the low survival rate of preterm infants compared with more developed countries because of the cost of infrastructure, workforce, and antenatal care for high-risk pregnancies. For example, it has been shown that countries with high infant mortality rates do not have a problem of blindness due to ROP and that the rates of ROP are closely linked with the level of socioeconomic development. 35, 36 It is expected that as Laos and Bhutan progress economically, the incidence of ROP will increase.
The sample sizes of both of these surveys are small; this is an obvious limitation of the study in terms of the confidence of population prevalence estimates. The Bhutanese study involved every child attending the only dedicated blind school in the country, which makes it representative of this subgroup of blind children who were receiving specialized care.
In Laos, high rates of avoidable BL/SVI due to measlesrelated ophthalmopathy are of concern. It is likely of multifactorial origin in both the delivery of and access to primary preventative measures. The data support the need for increased coverage of measles immunization and continued vitamin A supplementation to obtain the comparatively low rates of corneal pathology seen in the Bhutanese population. To combat the cases of treatable BL/SVI, there is a need to develop specialized pediatric ophthalmology units and increase public education and awareness to assist in early identification and contact with health care services. Further development of referral processes and ongoing surveillance of at-risk populations, such as premature births, is also required. Further population-based studies are needed to accurately delineate the causes and prevalence of blinding childhood eye disease in these populations.
